Nano-sized Titanium nitride powders were synthesized by electrical explosion of Ti wire under nitrogen atmosphere ranging from 0.2 to 1.5 atm. Electron microscopy and X-ray diffraction studies revealed that the reaction products are cube-shaped single phase TiN nanoparticles. The lattice parameter of TiN nanoparticles increased with nitrogen pressure in the chamber. The nitrogen content of nanoparticles was estimated from their lattice parameter being comparable to the stoichiometric composition of TiN. Small amount of TiN 0:3 phase was formed when nitrogen pressure in the chamber was low.
Introduction
Titanium nitride (TiN) has been synthesized by a variety of methods. Self-propagating high-temperature synthesis (SHS) of Ti powder compacts was the most frequently used method to synthesis titanium nitride in nitrogen gas or liquid nitrogen. [1] [2] [3] [4] TiN could be produced from titanium oxides by the carbothermal reduction in N 2 atmosphere 5) or by direct nitration in NH 3 gas flow. 6, 7) It was also synthesized through vapor-phase reaction of titanium tetrachloride in N 2 or ammonia gases using various techniques. [8] [9] [10] Electrical wire explosion (EWE) appears to be a plausible process to synthesize various metal nitrides when viewed from its simplicity. In fact, many studies have been conducted on the synthesis of AlN by EWE. [11] [12] [13] [14] [15] However, efforts to synthesize TiN through EWE were comparatively scarce. To our knowledge, the first study on this subject was made by Jonich et al. in 1965. 16) They conducted EWE for 13 pure metals and reviewed their nitride phase formation. To synthesize TiN, Ti wire was exploded in gas mixtures of N 2 /H 2 or NH 3 /H 2 or liquid nitrogen. They reported successful synthesis of TiN without providing specific data on the morphology, composition or crystal structure. It is only recently that EWE was applied to synthesize TiN using liquid nitrogen in the reaction chamber. 17) It is interesting to find that the two prior EWE experiments did not select nitrogen gas as the nitrogen source to synthesize TiN. In this study, TiN nanopowders were synthesized by EWE using nitrogen gas in the explosion chamber.
Experimental Procedure
Pure Ti wire of 0.3 mm È was used for the explosion experiment. The capacitance of the exploding circuit was 3.5 mF. The applied voltage across the 2 cm-long wire was 11.4 kV. The wire was exploded under the nitrogen pressures of 0.2, 1.0 and 1.5 atm. The total number of explosion for each condition was about 600. After the explosion, the powders were stabilized overnight and filtered through 120 mesh sieve to remove some misfired portions. The particles were then examined by Field Emission Scanning Electron Microscopy (FESEM), Transmission Electron Microscopy (TEM), and X-ray Diffraction (XRD) with Cu K radiation.
Results and Discussion
Figures 1(a)(b)(c) are the FESEM micrographs of the particles produced by the explosion under nitrogen pressures of 0.2, 1.0, and 1.5 atm, respectively. The particles show cube-type morphology probably reflecting the cubic nature of TiN. The shape of the particles appear different from those produced by EWE in liquid nitrogen which showed spherical or ellipsoidal morphology. 17) The size distribution of the particles was quite broad. It can be seen that few cube-type particles reach to almost 200 nm in size along with relatively large agglomerations of much smaller size. From the micrographs, it was not possible to realize any difference between samples. Besides cube-shaped particles, some large spherical particles were also present. Those spherical particles were believed to originate from liquid droplets which are the characteristic of the wire-explosion method.
18) Therefore, those may be unreacted Ti. However, few EDS measurements on these particles revealed that they are also TiN. Figure 2 shows a TEM micrograph of TiN particles prepared under nitrogen pressure of 1 atm. The cube-type morphology is apparent and its selected area diffraction (SAE) pattern was indexed to the cubic structure.
The synthesized nanopowders turned out to be single phase TiN. Figures 3(a)(b)(c) show X-ray diffraction patterns of the particles produced by explosion under nitrogen pressures of 0.2, 1.0, and 1.5 atm, respectively. The peaks matched to TiN (JCPDS 38-1420) as indexed on the pattern. When the nitrogen pressure in the chamber was low as 0.2 atm, a small extra peak was seen near 40 (a). It was indentified as TiN 0:3 (JCPDS 41-1352). The phase became negligible when the nitrogen pressure in the chamber exceeded 1 atm.
The effect of nitrogen content of TiN on its lattice parameter was well documented as 19) a ¼ 0:4159 þ 0:000164 x ð1Þ
Here, a is the lattice parameter and x is the atomic percent nitrogen.
The lattice parameter of each sample was calculated from the patterns in Fig. 3(a)(b) (c) and listed in Table 1 . The nitrogen content of each sample was calculated using eq. (1). Figure 4 shows the variation of lattice parameters with nitrogen content in TiN. It is a replot of the data given in Table 5 of Ref. 19 ). The lattice parameter of TiN nanoparticles systhesized in this study ( ) shows comparatively high values. The lattice parameter and nitrogen content of TiN increases with the increase in nitrogen pressure of the chamber. Also, it can be seen that TiN synthesized in this study contains nitrogen close to the stoichiometric amount. However, it should be noted that the lattice parameter is affected not only by the amount of nitrogen but by the oxygen and other impurities especially for fine particles as in this study. Nevertheless, addressing this point further may not be easy because it is difficult to control the amounts of oxygen, nitrogen and other impurities in a controlled manner. Moreover, the measurement method for gases as oxygen and nitrogen in nitride materials should be carefully selected and executed for further quantitative works. In summary, single phase TiN nanopowders were successfully synthesized through electrical wire explosion of Ti wire using nitrogen gas. Previous study 19) Fig . 4 Variation of lattice parameter with nitrogen content of TiN.
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